Introduction
As a result of human influences, habitats and ecosystems are continually fragmented by factors such as city expansion, and agricultural intensification [1, 2] . Areas such as gardens, parks, brownfield sites, and working industrial sites are becoming important "islands" for wildlife between the everincreasing urbanised areas. However, these sites require management to conserve biodiversity and to provide an optimum habitat network for species [3] . Sites left unmanaged over long periods of time can become dominated by rank grasses and pernicious weeds, reducing the biodiversity and value of the habitat [4] .
Previous studies have highlighted the impacts of environmental management schemes and the effects of habitat fragmentation on biodiversity within agricultural environments [5] [6] [7] . Additionally, the importance of gardens and parks for pollinating species within urbanised areas is becoming more apparent [8] [9] [10] . Nevertheless, the importance of industrial areas has not yet been considered. Despite industrial sites often being heavily utilised, a large proportion have the potential to create wildlife refuges within an urban and agriculturally dominant landscape. Industrial sites are found worldwide and frequently cover a large expanse of land, usually incorporating varied unmanaged habitats.
The aluminium smelter site at Lynemouth, UK, incorporates a range of these different habitats including scrub, grassland, and wetland. Although it is widely accepted that increased habitat variety often results in higher species diversity [11] [12] [13] , factors such as the botanical structure and flower density within the site can be more influential on insect assemblages than distinct habitat types [14, 15] . This highlights further questions as to what drives these trends within such habitats. For example, how variable do habitats need to improve insect diversity? Does habitat connectivity affect habitat quality? And importantly, if a specific management strategy was implemented at sites such as Lynemouth, would it be possible to increase diversity of insect species present?
The success of any programme to enhance biodiversity is dependent on how people manage land and invest in development. Within large companies, where employees have been encouraged to take an interest in biodiversity, site action plans have become successful. However, an important step before management strategies can be employed is to determine the 2 International Journal of Ecology value of the site for biodiversity. By assessing different habitats and understanding which species are utilising these areas, informed decisions on future land management can be made. Therefore, this study aims to assess flower visiting insects to determine the value of the Lynemouth smelter for pollinators and other flower visiting insects. Specifically we aimed at determining: (i) which flower visiting insects are active at the Lynemouth smelter between May and September, (ii) which site/habitat hosts the highest diversity of flower visiting species, and (iii) what factors influence differences between sites/habitats. Answering these questions allows us to determine which habitats have the highest value for flower visitor biodiversity at present and which sites would benefit from management.
Study Design
Eight individual sites representing different habitat types were identified before the start of the study and the diversity of flower visiting insects was assessed within these sites on a monthly basis for one survey season (May-September).
Study Site.
The study was conducted on land surrounding the Rio Tinto Alcan Aluminium smelter in Lynemouth, UK (55.2016 ∘ N, 1.5396 ∘ W). Covering 82.7 hectares the site is typical of a working industrial site, with intensively managed grassland and shrub borders around offices, access roads, car parks, and production units. However, 20.7 hectares (25%) of the site is predominately scrub, woodland, and wetland forming a buffer zone. To the west of the smelter, hybrid poplar trees have been mixed with native European tree species such as Sorbus aria (whitebeam), Acer pseudoplatanus (sycamore), and Quercus robur (oak) to create a fast growing screen to the smelter. Since this planting, the densely populated woodlands have left a bleak understory, dominated by two species of plant: the blackberry (Rubus fruticosus) and the nettle (Urtica dioica). Grassland which has been left unmanaged is becoming dominated by thistles (Cirsium sp.) and rank grasses which are restricting the growth of other species.
Insect flower visitors were sampled from eight sites around the smelter over the period of May-September 2011. The selected sites represented a range of habitats which include Flower Rich grassland (FR), Mown Grassland (MG), New Hedge (NH), Old Hedge (OH), Plantation Woodland (Pl), Pond (Po), Ridge and Furrow Grassland (RF), and Woodhorn Woodland (WW). All eight sites were contiguous and covered a similar area; therefore patch size is unlikely to be influential (Table 1) .
Insect Sampling

Pan Traps.
Three pan traps (17 cm diameter and 6 cm depth) were placed at each site, 1 m apart in a triangle formation. Blue, yellow, and white UV reflective plastic bowls were used to account for colour preference by certain insects [16] . These colours were used for three principal reasons; they International Journal of Ecology 3 represent a range of wavelengths found in the visual spectrum; they are similar to flower colours and have been proven to attract a variety of flower visiting species [17, 18] . Traps were filled to the three-quarter line with water, to which several drops of unscented dishwashing detergent (Ecover Zero) were added to reduce the surface tension. Pan traps were set approximately 0.5 m above the ground at the height of the surrounding vegetation to allow the trap to be visible to flying insects. Wooden posts with brackets and wire were used to secure the pans in place during sampling.
Traps were exposed for a period of 30 hours (traps set at 10.00 and collected at 16.00 the following day) twice a month. On collection, the specimens were transferred into glass vials, labeled, and preserved in 70% ethanol. All flower visiting species shown to be important for pollination were identified to genus or family level using a dichotomous key. From the order Diptera, frequent flower visitors are concentrated in three main families: Syrphidae, Bombyliidae, and Tachinidae [19] . Families such as Empididae and Asilidae, known to frequent flowers for predatory reasons, were also collected. All other Diptera families were not included within this study.
Observation Plots.
Data was collected from observation plots at each site to complement the pan trap data as it allowed the monitoring of species less represented within pan trap samples, such as Lepidoptera and Apidae [20] . Initially, net collecting along a transect was proposed; however due to the access restrictions within industrial areas and the topography of the land this method was considered inappropriate. Each observation plot measuring 1 m 2 was surveyed twice each month during May, June, July, August, and September. Observations were made from a single point for a period of five minutes. Each insect seen to enter the observation plot was recorded; if the insect began to forage, the plant host was also recorded. Bumblebees and butterflies were identified to species, while hoverflies were identified to genus where possible. Due to the similarity between workers of B. terrestris and B. lucorum these species were treated as an aggregate species, as identification is unreliable in the field [21] . Observations were only initiated between 10:00 and 17:00 h, when weather conformed to Butterfly Monitoring Scheme standards [22] .
Botanical Structure and Flower Density.
Estimates of flower density were collected for each site twice monthly. Ten randomly placed 625 cm 2 quadrats were used within the sample area (area surrounding the trio of pan traps). In each quadrat, the numbers of plants and the number of flower heads per plant species were recorded. The flower density was used as a surrogate measure for nectar availability as direct measurement of nectar parameters in the field is regarded as impractical [14] .
Data Analysis.
Data collected from the pan traps and the observation plots was combined to create one dataset. Minitab 16 was used to complete Correlation and ANOVA (Kruskal-Wallis) analysis on the total numbers of insects recorded for each habitat. Shannon Weiner diversity index was used to determine a diversity value for each habitat. This value was derived from species richness and relative abundance of each species and quantifies how well species are represented within a community. Diversity was then compared against month and flower density as individual factors. The statistical program R version 2.15.1 [23] was used to perform the Mantel test function within the "ade4" package [24] . This was conducted to determine whether the differences observed resulted from the factors studied or spatial differences.
As a result of the taxonomic variation between insect samples primary analysis has been conducted with four guilds of flower visiting insect: (1) nectar feeding, (2) parasitic insects, (3) pollen collecting, and (4) predatory insects. Where trends were indicated, further analysis using the detailed dataset was undertaken.
Due to the multispecies nature of the data and the survey design utilised in the study, multivariate analysis was utilised [25, 26] . Insect assemblages within each habitat were compared using PRIMER 6.0, a nonparametric multivariate statistical package. Multidimensional scaling (MDS) plots based on Bray-Curtis similarity measures were used to compare insect assemblages. Similarity percentage (SIMPER) analysis was also run on the data matrix; SIMPER decomposes BrayCurtis similarities between all pairs of samples to identify those species that contribute most to the differences observed [26] .
Results
Over the period May-September 2011, a total of 1138 individual insects were sampled across the four guilds, within the eight sites. A nested ANOSIM of sites within month showed there was no significant difference in the numbers of each flower visiting guild between sites ( = 0.054, = 0.265), but there was a significant difference between months ( = 0.387, < 0.001). The same trend was observed looking at insect assemblage for sites ( = −0.063, = 0.268) and month ( = 0.342, < 0.001). Despite the lack of significant differences between flower visiting insects between the sites, there were strong patterns noticeable within the dataset. A Mantel test showed that there was no spatial correlation between distance and insect diversity within this study ( = 0.093, = 0.65).
Response of Insect Assemblages to Site.
The highest number of individuals was recorded within the Pond site ( = 234) and the lowest within the Flower Rich Grassland ( = 67). Few insect families recorded were site specific; most species were recorded across all sites; however individuals from Satyridae, Panorpidae, Tipulidae, and Coccinellidae were in isolated populations. Tenthredinidae occurred in all sites except the Plantation Woodland. The most abundant families recorded were the Ichneumonidae ( = 264) and the Syrphidae ( = 375). Within the family Syrphidae, 47% of records were from a single species Episyrphus balteatus, with 176 individuals recorded across the survey period. Individuals from both families were present across all sites.
Removing month as a factor, average count data showed that the Old Hedge, Pond and Ridge and Furrow Grassland, had more individuals compared to the other sites ( Figure 1(a) ); however the difference was nonsignificant (Kruskal-Wallis = 11.87, = 0.105). When using the number of species/families recorded for each site there was a significant difference between sites (ANOVA, = 2.43, < 0.05). Tukey comparisons revealed that the differences between Pond and Woodhorn Wood were the cause of this variation ( = 2.98, < 0.01) (Figure 1(a) ).
When looking at total diversity rather than abundance, a higher diversity of species was present in the sites; New Hedge, Pond and Ridge and Furrow (Figure 1(b) ). This changes the result from the abundance data, whereby the Old Hedge was more important than the New Hedge. However, the data is highly variable between sample dates. A significant difference in the diversity of flower visiting insects based on Shannon diversity scores was recorded across all sites (Kruskal-Wallis, = 17.75, < 0.05) (Figure 1(b) ). Repeated Mann Whitney tests revealed that the Pond had a significantly higher species diversity compared to Mown Grassland, Plantation, and Woodhorn Wood. Woodhorn Wood had significantly lower species diversity than Mown Grassland, Pond and Ridge and Furrow ( Figure 5 ).
Bray Curtis Similarity analysis highlighted similarities between sites driven by the guilds (Figure 2(a) ). Parasitic insects were found in high numbers within all sites; however, they did not occur in all replicate samples (Figures 2(a) , 2(b), 6, and 7). There was a higher dominance of parasitic insects recorded within Plantation and Woodhorn Woodland indicating the importance of a woodland environment for this guild. The families Ichneumonidae and Tenthredinidae behave in a similar manner with records across all sites; however in contrast to Ichneumonidae, Tenthredinidae was underrepresented within the woodland sites ( Figure 7) . The pollen collecting, nectar feeding, and predatory insect guilds were also present throughout all habitats. The pollen collecting guild saw a marked reduction in numbers within the Plantation and Old Hedgerow sites, whereas the other guilds were in higher abundance ( Figure 6 ). This difference appeared to be influenced by two Bombus species (B. lapidarius and B. lucorum/terrestris) which were found in similar abundances throughout all sites; however larger numbers were recorded in the Flower Rich site for B. lapidarius and the New Hedge for B. lucorum/terrestris. There was no record of B. lucorum/terrestris within the Old Hedge ( Figure 7) .
The nectar feeding guild was also influenced heavily by species within the family Pieridae including Anthocharis cardamines, Pieris napi, and P. brassicae which were observed across six of the eight sites, yet were more dominant within the Pond site (Figure 7 ).
Response of Insect Assemblage to Month Surveyed.
The numbers within each flower visiting guild were significantly different between months (ANOSIM, = 0.387, < 0.001), with the dominance of each guild affected (Figure 2) . Furthermore, insect assemblages were also significantly different between months (ANOSIM, = 0.342, = 0.001), with pairwise comparisons indicating that all months were significantly different to each other with regard to insect assemblage except for the months of May and June (Figure 8) .
The parasitic insect guild dominated throughout the entire survey season (Figures 2(c), 9 , and 10). Higher numbers of this guild were recorded in May but reduced through the survey season with a marked reduction in September. Ichneumonidae and Tenthredinidae appear to be the most influential families for this trend (Figure 10 ). The nectar feeding guild also showed significant seasonal changes in abundance; however, the trend was directly opposite to that of the parasitic guild, with records increasing over the survey season with a peak in September ( Figure 9 ). This trend was clearly influenced by late feeding Syrphidae present during this month ( Figure 10 ).
Response of Insect Assemblages to Flower Density.
Mean flower density across the site ranged between 0 and 17.6 per m 2 over the season. Only one site had no flowering plants recorded and this was in the plantation (Figure 3(a) ). Flowering plants were available across all other sites during July and August, yet by September half of the eight sites (NH, Pl, RF, and WW) had no flowering plants available to insects (Figure 3(b) ). The Flower Rich site was the only one to have flowering plants available all season (Figure 3(b) ), although surprisingly this site had the lowest recorded insect visitation. By contrast, the pond had the largest insect assemblages, but no flowers available within the month of May.
Following an ANOSIM on flower visiting guilds an influence of flower density was observed but not significant ( = 0.14, = 0.06). However, when the whole data set was analysed flower density was highlighted as a significant factor Key % 0 0.01-1.00 1.01-2.00 2.01-3.00 3.01-4.00 4.01-5.00 5.01-6.00 6.01-7.00 Figure 11 : Comparison of Mann-Whitney Statistical test value results for Shannon diversity score (flower diversity) between sites. Significant differences are highlighted in bold, and differences in significance threshold are highlighted by a different letter.
with regard to insect assemblage (ANOSIM, = 0.233, < 0.01). Although flower density was not significantly different between months (Kruskal-Wallis, = 8.68, = 0.070), insect assemblages were significantly affected by flower density when nested within month (ANOSIM, = 0.178, < 0.01). Analysis of the entire data set also highlighted a significant correlation ( = 0.245, < 0.01) between Shannon Wiener Diversity of insects and flower density (Figure 3(c) ).
Response of Insect Assemblages to Flower Diversity.
The Shannon Wiener diversity of flowering plants observed within each site was calculated. Three of the eight sites (OH, WW, and Pl) had diversity scores of zero and therefore have been omitted from further analysis. The Flower Rich site had the highest recorded diversity (Figure 4) , and a significant difference was observed between sites (Kruskal-Wallis = 13.37, < 0.01). Repeated Mann-Whitney tests highlighted which sites saw the greatest differences ( Figure 11 ). The Flower Rich and Ridge and Furrow Grasslands were the greatest drivers for this result. Flower diversity was not identified as a significant factor for flower visiting guild assemblage (ANOSIM, = −0.082, = 0.824) and there was no correlation of flower diversity with insect diversity ( = 0.162, = 0.298).
Discussion
Kunin [13] highlighted that many habitat types should be incorporated within a reserve area to capture the species variation caused by habitat discontinuities, suggesting that more habitat types are generally better than one to enhance biodiversity. This study, however, shows that flower visiting insects recorded at the Lynemouth Smelter site were influenced predominantly by the flower density, rather than the distinct sites/habitats themselves, a finding which is widely supported [14, 15, 27] . Although, site/habitat type was not a significant factor in insect assemblage within this study, flower density was, suggesting that varied botanical structure and the presence of certain flowering plants such as Centaurea nigra (common knapweed) and Heracleum sphondylium (common hogweed) are more important than the number of different types of habitats specifically. Conversely, within this study, flower diversity did not impact the insect assemblage. This could be a result of the low numbers of flower species recorded, as flower diversity is indeed an important factor in determining flower visitor presence [14, 28] . The type of flowerhead available to insects will determine which species feed, hunt, and breed within a particular habitat [29, 30] . Ideally, a variety of host plants for larvae and immature insects are required [31] [32] [33] . Furthermore, flower longevity and nectar resource have previously been shown to have an effect on the insect community within habitats [34, 35] . As expected, month had a significant effect on insect assemblages, again complementing results seen in previous studies [36, 37] . Certain taxa were present at different times of the year, likely due to variation in emergence and breeding periods as a result of an insect's dependence on factors such as weather, as well as the availability of host and food plants for different insects groups. Only one of the eight sites had plants flowering for the entire survey period (the Flower Rich site); however due to regular mowing of this area the flower density was low, resulting in this area having the lowest recorded insect visitation. Nevertheless, insects were recorded across the whole season suggesting that this was not the only factor affecting the site's attractiveness. For example, the pan traps could have been less attractive to the foraging insects than the flowers present, resulting in the catch being proportional to the flower density as suggested by [38] . Additionally, despite a relatively high diversity of plant species within the Flower Rich site, it was dominated by one particular flower species, Lotus corniculatus (bird's foot trefoil). L. corniculatus was predominantly foraged by one particular species of pollinating insect, Bombus lapidarius, a species known to have a preference for yellow flowers and the appropriate mouth parts to access the nectar from this flower [30] . This dominance of the site by one flower species could in part explain the low insect visitation rates recorded in this particular study. L. corniculatus may not have been an appropriate flower resource for other insect species. Therefore, improving diversity of flowering plants within certain preexisting habitats will undoubtedly have a significant effect on the pollinating species present within the sites. Alternatively, there may have been other factors such as noise pollution and forage distance to consider which were not assessed during this study.
The number and diversity of insects could be influenced by improvements to the assessed sites, not only diversifying the flowering species available for forage, but also increasing diversity with regard to flower head shape. Ensuring a variety of flower heads such as umbels or composite heads will increase the number of flower visiting insects [39] . For example, low abundance of the hoverfly Episyprhus balteatus was recorded within the Flower Rich habitat, where hoverflies would normally be expected [40] . The dominant flower, L. corniculatus, is not preferred by hoverfly species as their mouthparts do not allow access to the nectar. By contrast larger numbers of hoverflies were observed within the Ridge and Furrow Grassland, Old Hedge, and Pond sites as a result of the flowering species present: umbelled flowers such as Oenanthe crocata (dropwort water hemlock) and Heracleum sphondylium (hogweed) and simple flowering species such as Crataegus monogyna (hawthorn). A reduction in the mowing frequency at the Flower Rich site may diversify the flowering species present, allowing species which are less hardy to germinate from the seedbank [41] . Furthermore, a study by López-Mariño et al. [42] also highlights, that due to the high proportion of perennial grasses often present within semiimproved habitats, only half the species stored within grassland's natural seedbank are present above the soil surface. This suggests that the sward can be diversified by managing the grass species present, proving a beneficial management strategy to enhance insect diversity for this site.
The Pond site had the largest insect assemblages, despite the limited floral resource available within the month of May. Some insect species are locating nest sites around this time, particularly bumblebees which start searching around April and peak in May [43] . Ensuring flowering plants are available throughout April to September is therefore an important management strategy, particularly for insect diversity. The availability of nest and forage sites is essential to pollinating insects and improvement in this area would likely have a positive effect on the overall insect diversity of this site [44, 45] . Conversely, there are few species of plant which flower early, therefore improvement to surrounding hedgerows, or planting of species such as Salix cinera and Malus sp. complemented with Laminum album and Glechoma hederacea could be more beneficial to the communities around the Lynemouth smelter [46] .
Interestingly, this study highlights the importance of the method in which data sets are analysed, which could result in different interpretation of the data and therefore have a serious impact on the proposed management of a particular site. Firstly, the data was organised into guilds of insects to minimise taxonomic variation between data samples. The trends reported in this study were mirrored in both the guild analysis and complete taxon analysis showing that many of the results reported hold fast when analysing the data in different ways. However, some trends were weaker when looking at guilds, rather than when analysis was completed on the whole data set, which means significant findings could be overlooked if only one type of analysis was utilised. Furthermore, the data in this study showed that two sites, the Plantation and Woodhorn Woodland, had lower mean insect abundance, species richness, and Shannon Weiner diversity score than all the other surveyed sites, suggesting these two sites may not be that important for the flower visiting insect communities (although these differences were not all significant). However, when comparing insect assemblages these habitats were highlighted as important for parasitic insects such as Ichneumonidae. Following the initial analysis comparing mean averages of insect abundance per site, the importance of these habitats could have been overlooked and the site managed inappropriately for the dominant inhabitants. Until the community analysis was performed the dominance of Ichneumonidae and influence on the community may not have been appreciated, highlighting that community analysis is invaluable within biodiversity assessment. Secondly, with regard to Shannon Weiner diversity, a higher diversity of species was found to be present in three particular sites; the New Hedge, the Pond and the Ridge and Furrow Grassland. By contrast when looking at the abundance data, the Old Hedge is a more important site for insect assemblages than the New Hedge highlighted in the diversity data set.
The methods of analysis used in this study highlight the importance of data interpretation before management action plans are devised. The two variations in interpretation of the results, highlighted above, were both made with the same original data set; however, one utilised abundance data whilst the other used total diversity. The differences are likely caused as the diversity index takes into account both species richness and the relative abundance of each species to quantify how well species are represented within a community. Many management plans and advice provided to site managers contain information collected in a similar manner to this study to achieve specific objectives. Whether these objectives are to maximise species diversity or simply abundance, we recommend that the community interactions are assessed before management plans are drawn up to avoid the potential loss of valuable habitats and species through inappropriate management.
Conclusion
In conclusion, this study highlights the importance of data interpretation to determine management objectives and recommends analysing the community structure and identifying the dominant species prior to undertaking any land management. Although no significant difference was found between flower visiting insect diversity at sites when month was taken into account, flower density was highlighted as a factor driving the insect diversity. This result highlights that increasing the number of flowering plants rather than increasing the amount of specific habitats is a more costeffective management tool for industrial sites. Although, sites such as Flower Rich Grassland, would be expected to attract the highest diversity of flower visiting insects, this was not observed in the case of this study. This is likely a result of the high dominance of one particular species of flower, L. corniculatus, which may exclude certain insect assemblages. Importantly, this study highlights that with relatively low cost industrial sites such as the Lynemouth smelter could be improved with regard to insect diversity. This can be achieved by specific seed planting or a refinement of the mowing practices to allow diversification of flora within and between the sites, ultimately improving the overall ecological value of industrial areas.
